An 86-year-old white male with a history of inferior wall myocardial infarction 25 years ago, chronic atrial fibrillation and hyperlipidemia presented with shortness of breath, dizziness of several weeks' duration, and chronic stable angina. Physical exam was remarkable for bradycardia with regular rhythm and normal S1 and S2 with a systolic ejection murmur. ECG on admission showed complete heart block with a ventricular rate of 37 beats/min. Cardiac biomarkers were negative. His heart rate then decreased to 29 beats/min and atropine 0.5 mg followed by 1 mg was given without any response.
Case report
An 86-year-old white male with a history of inferior wall myocardial infarction 25 years ago, chronic atrial fibrillation and hyperlipidemia presented with shortness of breath, dizziness of several weeks' duration, and chronic stable angina. Physical exam was remarkable for bradycardia with regular rhythm and normal S1 and S2 with a systolic ejection murmur. ECG on admission showed complete heart block with a ventricular rate of 37 beats/min. Cardiac biomarkers were negative. His heart rate then decreased to 29 beats/min and atropine 0.5 mg followed by 1 mg was given without any response.
During pacemaker implantation a fluoroscopic examination of the thoracic anatomy demonstrated normal structure. Initially, the left subclavian vein approach was employed. Multiple attempts to locate the left subclavian vein percutaneously in the usual infra-clavicular fashion under fluoroscopic guidance were not successful. Therefore, a left brachial venogram was performed using 15 cc of nonionic contrast injected into the left antecubital vein. The cineangiogram demonstrated patency of the subclavian vein but with very slow flow and a suggestion of a vertical course of the subclavian vein along the left mediastinum. The left brachial vein was accessed using a micropuncture needle and a flexible guide wire was advanced which confirmed the suspicion of a persistence of left superior vena cava ( Figure 1 ). Therefore, the left subclavian vein approach for the pacing lead insertion was abandoned. Next, under fluoroscopic guidance, the right subclavian vein was accessed with the micropuncture needle followed by placement of a guide wire into the right atrium without difficulty.
Echocardiography showed markedly dilated left and right atria (8.9 ϫ 8.1 cm, 9.3 ϫ 8.5 cm, respectively) with an intact interatrial septum. An enlarged coronary sinus draining into the right atrium was observed.
Persistent left superior vena cava (PLSVC) with anomalous left hepatic vein drainage into the right atrium: role of imaging and clinical relevance Sabha Bhatti a , Abdul Hakeem a , Usman Ahmad b , Maher Malik a , Peter Kosolcharoen a and Su Min Chang a Abstract: Persistent left superior vena cava (PLSVC) is a very rare and yet the most commonly described thoracic venous anomaly in medical literature. It has a 10-fold higher incidence with congenital heart disease. PLSVC often becomes apparent when an unknown PLSVC is incidentally discovered during central venous line placement, intracardiac electrode/pacemaker placement or cardiopulmonary bypass, where it may cause technical difficulties and life-threatening complications. PLSVC is also associated with disturbances of cardiac impulse formation and conduction including varying degrees of heart blocks, supraventricular arrhythmias and Wolff Parkinson White syndrome. We describe the case of an 86-year-old male with a history of coronary artery disease and chronic atrial fibrillation who presented with worsening dyspnea and syncopal episodes. An ECG was consistent with complete heart block. During lead placement for the pacemaker, a left subclavian approach was unsuccessful. A left venogram was performed through the brachial vein that demonstrated a left superior vena cava. The diagnosis was confirmed with echocardiography using a bubble study and also a chest CT. The anatomy was unique as there was anomalous left hepatic vein drainage into the right atrium. The case provides insight into the diagnostic modalities and clinical considerations of this unusual thoracic venous anomaly.
Injection of agitated saline into the left arm demonstrated early appearance of bubbles in coronary sinus followed by right atrium (Figure 2 ).This finding confirmed the presence of persistent left superior vena cava (PLSVC).
Coronal computed tomography (CT) of the chest with contrast showed unison of the left jugular and subclavian veins forming a left-sided persistent superior vena cava at the level of the first costochondral junction that drained vertically downward into a markedly dilated coronary sinus ( Figure 3A ). The coronary sinus had a maximum transverse dimension of 5.5 cm and drained into the posterior wall of the right atrium ( Figure 3B ). All of the pulmonary veins drained normally into the left atrium. Interestingly, the left hepatic vein drained directly into the right atrium just at the junction of the coronary sinus and the atrial wall ( Figure 4 ).
Discussion
PLSVC is the most common thoracic vein anomaly reported in the literature (0.3-0.5% in the general population and 3-5% in congenital heart disease patients). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] 
Embryology
The embryologic development of systemic and pulmonary veins is complex and subject to considerable variation. 2, 5, 6, 10, 13 During normal development, the anterior cardinal veins, which drain the head, neck, and arm, unite with the posterior cardinal vein in the early embryonic stage and enter the heart as the right and left horns of the sinus venosus. 10, 13 Most of the left-sided cardinal system disappears, leaving only the coronary sinus and a remnant known as the ligament of Marshall. Simple failure of obliteration of the left anterior cardinal vein results in the persistence of the left superior vena cava ( Figure 5 ). This usually drains into the right atrium via the coronary sinus. On rare occasions, when developmental arrest occurs at an earlier stage, the coronary sinus is absent and the PLSVC drains directly into the right atrium. 2, 5, 6, 10 The occurrence of left hepatic vein drainage into the right atrium may be explained due to the persistence of the left vitelline connection with the left sinus horn, 14, 15 as was the case in our patient. This is an extremely rare finding that has been reported only once in association with PLSVC 16 and in another report as an isolated autopsy finding. 15
Diagnosis
Most cases have been reported as incidental findings during central venous catheter placement, pacemaker [3] [4] [5] [6] and implantable cardioverter defibrillator (ICD) implantation, 17 and during thoracic surgery for various reasons. 13, 18 Suspicion of left superior vena cava may arise on the postero-anterior chest X-ray, where it may appear as widening of the aortic shadow, paramediastinal bulging, paramedian stripe, or a low-density line along the upper left margin of the heart. 1, 11, 13 Transthoracic echocardiogram (TTE) is the mainstay tool for diagnosing PLSVC. 7, 9, 10, 19, 20 As demonstrated in the case, TTE gives a readily available bedside confirmatory test that is non-invasive and inexpensive. 19, 20 It also helps identify other cardiac anomalies that might be associated. Echo is poor at delineating the insertion site of the PLSVC. This site is usually an enlarged coronary sinus, which is confirmed by an agitated saline bubble study via the left brachial vein. The observation of bubbles appearing first in the coronary sinus and then in the right atrium (Figure 2A ) confirms the diagnosis. 9, 10, 19, 20 A CT scan with contrast seems to offer voluminous information in delineating the anatomy. As demonstrated by our case, a chest CT contributed important information including massive dilation of the coronary sinus, right atrium and an incidental finding of left hepatic vein draining into the right atrium (Figures 3 and 4) 
Clinical correlates (Table 1)
Individuals with PLSVC usually possess a normal right superior vena cava, and thus the condition is not routinely detected. 5, 6 The left-sided superior vena cava drains into the coronary sinus in 92% of patients with no hemodynamic compromise. In the remaining 8%, cardiopulmonary bypass (CPB) must accommodate the changes imposed by this anomaly. 5, 13, 21 Placing a CVC or access through PLSVC might pose several serious problems. 6, 11, 21 There have been several reports of hypotension, angina, arrhythmias, and even cardiac arrest as a result of manipulation of the coronary sinus. It can also make placement of pacemaker leads and pulmonary artery catheters difficult because of the orientation of coronary sinus. 11, [21] [22] [23] Besides being associated with congenital diseases, PLSVC's most relevant clinical implication is the association with disturbances of cardiac impulse PLSVC drains into the left atrium creating a left to right shunt. [6] [7] [8] [9] [10] This lesion usually has little hemodynamic effect, although a variable degree of systemic cyanosis and clubbing may be seen. [6] [7] [8] This variant poses the greatest potential of hazards with central venous catheter (CVC) placement as there is a high chance of systemic embolization of air, thrombus, or tissue debris with cannulation of the PLSVC. 17, 18, 21 The presence of PLSVC may complicate surgical repair of these congenital heart defects. Because the hemodynamics of venous return are altered by PLSVC, cannulation and perfusion techniques during formation and conduction. In the embryonic heart, bilateral pacemaking areas are present near the sinus horns and common cardinal veins. 24 Whereas the right side takes over the cardiac pacemaking function as the sinoatrial node, persistence of the left common cardinal vein as the left superior vena cava may be associated with the continuing presence of pacemaker tissue and hence ectopic pacemaker activity. Many case reports have noted a left-sided superior vena cava in patients with abnormalities of cardiac rhythm or conduction. 24, 25 Other case series have also described the coexistence of left superior vena cava with a fistulous connection to the coronary sinus associated with Wolff Parkinson White syndrome, [26] [27] [28] atrio ventricular tachycardia or atrio ventricular nodal re-entry tachycardia. 23, 29, 30 It is possible that the abnormal development which leads to the presence of a left-sided superior vena cava could also result in abnormalities in conduction tissue, due to the close association of these areas during early intrauterine development. 25, 27, 28, 30, 31 In the electrophysiology literature, prevalence of left superior vena cava in patients undergoing pacemaker/ cardioverter defibrillator implantation is similar to that in the general population (0.3-0.5%). 17 Specifically, shaped stylets and active fixation leads have been described as helpful tools to overcome technical difficulties in ordinary procedure times. 17 PLSVC most commonly drains into the coronary sinus leading to its dilatation. Recently, there have been reports raising concerns about significant ventricular inflow tract obstruction as a result of the enlarged coronary sinus. The marked enlargement of the coronary sinus overlays immediately superior to and partially occluding the mitral valve, with consequent obstruction to left ventricular inflow. 14, 28 An enlarged coronary sinus has also been associated with thrombus formation and rupture. 14, 18, 27, 28 Conclusion Physicians need to be aware of PLSVC as it is the most common thoracic vein anomaly and can be occasionally encountered while placing central lines or gaining access to the central veins for various other reasons. Lack of knowledge can pose serious complications. Transthoracic echocardiography -including agitated saline infusion to the antecubital vein is a robust tool for the accurate diagnosis of this congenital thoracic venous malformation.
